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(54) Abstract Title 
Noise filter 

(57) A small, low-cost noise filter capable of preventing 
noise resonance and advantageously being used in an 
electronic apparatus having a signal frequency higher 
than 100 MHz, the filter comprising transmission lines 
and grounding conductors alternately disposed, with 
magnetic sheets interposed between them and with 
some of the magnetic sheets disposed in the outermost 
layers, in a laminate formed by laminating and firing 
magnetic sheets. A signaling electrode connected to 
transmission lines and a grounding electrode connected 
to grounding conductors are formed on the outer surface 
of the laminate. Accordingly, signals are passed through 
transmission lines with grounding conductors grounded 
to thereby attenuate high-frequency noise by using heat 
loss by magnetic sheets. 
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" 1 " 

DESCRIPTION 
NOISE FILTER 

Technical Field 

5 The present invention relates to a noise filter which is suitable for use in 

suppression of electromagnetic noise interferences in electronic devices. 

Background Art 

In general, various types of noise filters are used in suppression of electromagnetic 
1 0 noise interferences in electronic devices. In a known related art noise filter, for example, a 

circuit using a lumped constant such as a three-terminal capacitor is formed (for example, 

Japanese Unexamined Patent Application Publication No. 10-154632 and so forth). In 

such a noise filter of the related art, noise is suppressed using a reflection loss in which the 

reflection coefficient is increased at the frequency of noise to be generated. 
1 5 Moreover, in a known noise filter according to another related art, a circuit 

comprising many inductors and capacitors is formed (for example, Japanese Unexamined 

Patent Application Publication No. 2000-34894 and so forth). 

According to the above-mentioned related art techniques, noise is suppressed by 

use of the reflection loss. In the case where a noise filter is disposed, e.g., in a line 
20 connecting circuits to each other, problems are caused in that probably, noise with a 

specific frequency resonates between the noise filter and a circuit in the periphery thereof, 

and the resonance causes amplification of the noise. 

Especially, in recent years, signal frequencies to be adapted for digital devices tend 

to become higher, and the number of electronic devices of which the signal frequencies 

2 5 exceed 1 00 MHz has been increased. Therefore, low-pass filters of which the cut-off 

frequencies exceed 200 MHz have been demanded. On the other hand, for example, the 
lengths of lines between a noise filter and parts disposed in the periphery thereof and the 
lengths of lines between plural parts are such that resonance with a signal (noise) with a 
high frequency of 200 MHz or higher may occur easily. Accordingly, for electronic parts 
30 of which the signal frequencies exceed 1 00 MHz, noise filters using reflection loss as 
carried out in the related art ones are difficult to be used. 

Moreover, according to the other related art, resonance phenomena are suppressed 
by reduction of the reflection loss. However, in the noise filter of the other related art, 
many inductors and capacitors are connected to form a circuit. The structure is 

3 5 complicated, the size can be reduced with much difficulty, and the manufacturing cost is 
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high. Moreover, problematically, the noise filter is difficult to be fixed to a printed wiring, 
since the filter has no chip-shape. 

In view of the above-described problems of the related art, the present invention 
has been devised. An object of the present invention is to prevent noise from resonating 
and provide a noise filter which is small in size and inexpensive. 

Disclosure of Invention 

To solve the above-described problems, in a noise filter according to claim 1 of the 
present invention, the filter contains two magnetic sheets overlapping each other, a 
transmission line is disposed between the two magnetic sheets, and the two mastic 
sheets are sandwiched by and between two sheets of ground conductors from the upper 
and lower sides. 

According to this constitution, regarding the magnetic material forming the 
magnetic sheets, the heat loss is increased with the frequency of a signal transmitted 

through the transmission lines becoming higher. Thus, noise can be suppressed by 
utilization of the heat loss. 

The characteristic impedance of the noise filter can be set by appropriately setting 
of the width of the transmission lines and the thickness of the magnetic sheets. Especially 
the relative permeability of the magnetic material becomes substantially constant 
irrespective of the frequency of a signal. Thus, the characteristic impedance can be kept at 
a substantially constant value irrespective of the frequency of the signal. Therefore 
impedance matching for circuits connected to the noise filter can be attained substantially 
all over the frequency ranges. Thus, the reflection loss of the noise filter can be reduced. 

Moreover, each of the transmission lines is sandwiched between two eround 
conductors. Thus, the transmission line positioned between two magnetic sheets can be 
covered over the whole length thereof with the ground conductors. Thus, no reflection of 
noise occurs on the way of the transmission line, and resonance of noise can be suppressed 
Moreover, a signal being transmitted through the transmission line can be confined 
between the two ground conductor. Attenuation of the signal in the pass-band can be 
prevented, and also, incorporation of external noise in the transmission line can be 
prevented. Thus, a signal can be securely transmitted. 

According to claim 2 of the invention, the filter contains plural magnetic sheets 
overlapping each other, transmission lines and ground conductors are alternately 
overlapped and interposed between the respective magnetic sheets, with the uppermost 
layer and the lowermost layer of the magnetic sheets having ground conductors arranoed 
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thereon, and the plural layer transmission lines are connected in series with each other by 
means of passing-through lines passing through the respective magnetic sheets. 

Thereby, when a signal with a high frequency is transmitted through the 
transmission line, noise can be suppressed by utilization of increasing of the heat loss of 
5 the magnetic sheets. The characteristic impedance of the noise filter can be set by 
appropriately setting of the width of the transmission line and the thickness of the 
magnetic sheets. Especially, the relative permeability of the magnetic material becomes 
substantially constant irrespective of the frequency of a signal. Thus, the characteristic 
impedance can be kept at a substantially constant value irrespective of the frequency of 

1 0 the signal. Therefore, impedance matching for circuits connected to the noise filter can be 
attained substantially all over the frequency ranges. Thus, the reflection loss of the noise 
filter can be reduced. 

Moreover, the transmission lines and ground conductors are alternately overlapped 
and interposed between the respective magnetic sheets, with the uppermost layer and the 

15 lowermost layer of the magnetic sheets having ground conductors arranged thereon. 
Therefore, a signal being transmitted through the transmission line can be confined 
between the ground conductors, and the attenuation of the signal in the pass-band can be 
prevented. 

The ground conductors are arranged on the uppermost layer and the lowermost 
20 layer of the plural magnetic sheets overlapping each other. Thus, incorporation of external 
noise into the transmission line can be prevented. The signal can be securely transmitted. 

In the case where the widths of all the transmission lines are set at substantially the 
same value, and also, the thicknesses of all the magnetic sheets are set at substantially the 
same value, the characteristic impedances of the transmission lines of the respective layers 
25 can be substantially equal to each other. Thus, since the characteristic impedance of the 
whole of the transmission lines connected in series with each other, no reflection of noise 
occurs on the way of the transmission line, and the noise can be prevented from resonating. 
The impedance matching to an external circuit can be easily attained. 

Furthermore, the plural layer transmission lines are connected in series with each 
30 other by means of passing-through lines passing through the respective magnetic sheets. 
Accordingly, the overall length of the transmission lines can be increased, and the 
attenuation of noise being transmitted through the transmission line can be increased. 

According to claim 3 of the present invention, the transmission lines each have a 
substantially arc or U-character shape having a turning-around point, and are formed so 
35 that the transmission lines, as a whole, have a coil shape in the thickness direction. 



Thereby, although the thickness of the noise filter is increased to some degree, the 
bottom area of the noise filter can be set to be substantially equal to the opening area of 
the coil. Therefore, the noise filter can be arranged even in a narrow mounting-space. 

According to claim 4 of the present invention, the transmission lines have a 
meandering-zigzag shape. Thereby, the lengths of the transmission lines can be increased 
compared to the straight-line shaped transmission lines, and the attenuation of noise can 
be increased. 

According to claim 5 of the present invention, the magnetic sheets are formed with 
a ceramic material having a magnetic property. Thereby, the noise filter can be formed by 
firing the magnetic sheets while they overlap each other. 

According to claim 6 of the present invention, the magnetic sheets are formed with 
a resin material containing magnetic powder. Thus, the noise filter can be formed by 
bonding the magnetic sheets to each other with an adhesive. Thus, production processes 
such as firing and the like can be omitted. The production efficiency can be enhanced. 

According to claim 7 of the present invention, the magnetic sheets are formed in a 
quadrangular shape, signal electrodes are formed on both the end-sides in the longitudinal 
direction of the magnetic sheets so as to be connected to both the ends of the transmission 
lines, and ground electrodes are formed in the middle positions in the longitudinal 
direction of magnetic sheets so as to be connected to the ground conductors. 

Thus, a wiring between two circuits is extended in a straight-line shape. Thus, the 
signal electrodes positioned on both the end side in the longitudinal direction of the 
magnetic sheets can be easily connected to the wiring on the way thereof. Moreover, the 
ground electrodes provided on the intermediate positions in the longitudinal direction of 
the magnetic sheets can be easily connected to ground terminals provided in the periphery 
of the wiring. Thus, the mounting-property of the noise filter can be enhanced. 

According to claim 8 of the present invention, the filter contains plural magnetic 
sheets overlapping each other, transmission lines and ground conductors are alternately 
overlapped and interposed between the respective magnetic sheets, with the uppermost 
layer and the lowermost layer of the magnetic sheets having ground conductors arranged 
thereon, and one-end sides of the plural layer transmission lines are connected to signal 
input electrodes different from each other, and the other-end sides of the plural layer 
transmission lines are connected to signal output electrodes different from each other. 

Thus, the plural layer transmission lines are connected to the signal input electrodes 
different from each other, and also the different signal output electrodes. The plural layer 
transmission lines can be individually operated as low pass filters. As a whole, a noise 
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filter array can be formed. When a signal with a high frequency is transmitted through the 
transmission lines of the respective layers, noise can be suppressed by utilization of 
increasing of the heat loss of the magnetic sheets. The characteristic impedance of the 
noise filter can be set by appropriately setting of the widths of the transmission lines and 
5 the thicknesses of the magnetic sheets. Especially, the relative permeability of the 
magnetic material has a substantially constant value irrespective of the frequency of a 
signal. Thus, the impedance matching with a circuit connected to the noise filter can be 
attained substantially over the whole frequency range, and the reflection loss of the noise 
filter can be reduced. 

1 0 Moreover, the plural layer transmission lines are operated as independent low-pass 

filters. Thusj no impedance mismatching occurs on the way of the transmission line, e.g., 
in contrast to the case where the plural layer transmission lines are connected to each other 
by means of the passing-through lines passing through the magnetic sheets, the impedance 
mismatching is easily caused in the vicinities of the passing-through lines containing 

1 5 discontinuous points. Therefore, no reflection of noise is caused on the way of the 

transmission line, so that the resonance of noise can be suppressed, and the impedance 
matching to an external circuit can be easily attained. 

Moreover, the transmission lines and the ground conductors are alternately 
overlapped and interposed between the respective magnetic sheets, with the uppermost 

2 0 layer and the lowermost layer of the magnetic sheets having ground conductors arranged 
thereon. The transmission line of each layer can be arranged between the two magnetic . 
sheets, and also, the transmission line of each layer can be covered over the whole length 
thereof with the two ground conductors. Therefore, a signal transmitted through the 
transmission line of each layer can be confined between the ground conductors, and the 

2 5 attenuation of the signal in the pass-band can be prevented. 

The uppermost layer and the lowermost layer of the plural magnetic sheets 
overlapping each other have the ground conductors disposed thereon. Thus, incorporation 
of external noise into the transmission lines of the respective layers can be prevented. A 
signal can be securely transmitted. 

3 0 According to claim 9 of the present invention, the transmission lines are formed in 

a meandering-zigzag shape, respectively. According to claim 10 of the present invention, 
the transmission lines are formed in a spiral pattern, respectively. Thereby, the lengths can 
be increased compared to those of the transmission lines formed in a straight-line pattern, 
respectively. Thus, the attenuation of noise can be increased. 
3 5 According to claim 1 1 of the present invention, the cut-off frequency is in the range 
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of from 200 MHz to 2 GHz, the relative permeability ur of each magnetic sheet is within 
the range of 4 < ur < 30, and the length L [mm] of each transmission line is set so as to 
satisfy L/V(ur-1) > 3 mm. The relative permeability ur represents the ratio of the 
permeability u [H/m] of a magnetic sheet to that u„ [H/m] of vacuum, and has a value 
defined by the following numerical formula 1 . 
[Numerical Formula 1] 

Mr = 



Mo 

As described above, the cut-off frequency range can be easily set to be within 200 
MHz < fc < 2 GHz by setting the relative permeability ur of the magnetic sheet to be 4 < 
10 ur < 30, and setting the length of the transmission line so as to satisfy L/V(ur-1) > 3 mm. 
Moreover, the slope of a noise attenuation curve (the ratio of the attenuation change of a 
signal with respect to the frequency of the signal) tends to increase in proportion to the 
length L of a transmission line and also to increase in reverse proportion to V(ur-1) based 
on the relative permeability ur of the magnetic sheet. Therefore, the slope of the relative 
1 5 permeability ur of the magnetic sheet can be set to be at least 20 dB/dec. by setting the 
relative magnetic sheet ur to be in the range of 4 < ur < 30, and setting to be V(ur-1) > 3 
mm. Thus, the difference between a signal and noise can be increased. 

According to claim 12 of the present invention, the thickness of each ground 
conductor is smaller than that of each transmission line. 
2 0 Accordingly, the overall thickness of the noise filter can be reduced, and the size 

can be decreased. Moreover, the thickness of the transmission line can be set to be larger 
than that of the ground conductor. Thus, the DC resistance of the transmission line can be 
reduced, and larger current can be flown. 



2 5 Brief Description of the Drawings 

Fig. 1 is a perspective view of a noise filter according to a first embodiment. Fig. 2 
is an exploded perspective view of the noise filter according to the fist embodiment of the 
present invention. Fig. 3 is a cross-sectional view of the noise filter taken in the direction 
indicated by arrow III-III of Fig. 1. Fig. 4 is a cross-sectional view of the noise filter taken 

30 in the direction indicated by arrow IV-IV of Fig 3 . Fig. 5 is a cross-sectional view of the 
noise filter taken in the direction of arrow V-V of Fig. 4. Fig. 6 is a characteristic diagram 
showing the correlation between the frequency of a signal and the attenuation obtained 
when the relative permeability ur of a magnetic sheet is set at 1 0. Fig. 7 is a characteristic 
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diagram showing the correlation between the frequency of a signal and the attenuation 
obtained when the length L of a transmission line is set at 50mm. Fig. 8 is a characteristic 
diagram showing the correlation between the frequency of a signal and the attenuation 
obtained when the constant C is A set at 20 mm. Fig. 9 is a characteristic diagram showing 
5 the correlation between the frequency of a signal and the attenuation obtained when the 
constant C is set at 3 mm. Fig. 10 is a characteristic diagram showing the correlation 
between the constant C and the inclination of an attenuation curve. Fig. 1 1 is a 
characteristic diagram showing the correlation between the cut-off frequency fc and the 
relative permeability jir of a magnetic sheet. Fig. 12 is a perspective view of a noise filter 

1 0 according to a second embodiment. Fig. 13 is an exploded perspective view of the 

exploded noise filter according to the second embodiment. Fig. 14 is a cross-sectional 
view of the noise filter taken in the direction arrow XIV-XIV of Fig. 12. Fig. 15 is a 
cross-sectional view of the noise filter taken in the direction arrow XV-XV of Fig. 14. Fig. 
16 is a cross-sectional view of a noise filter according to a first modification example 

1 5 taken at the position similar to that in the case of Fig. 5. Fig. 1 7 is a perspective view of a 
noise filter according to a third embodiment. Fig. 18 is an exploded perspective view of 
the noise filter, which is exploded, of the third embodiment. Fig. 19 is a perspective view 
of a noise filter according to a noise filter according to a fourth embodiment. Fig. 20 is an 
exploded perspective view of the noise filter, which is exploded, of the fourth embodiment. 

20 Fig. 21 is a plan view of the fourth transmission line of the transmission lines shown in 
Fig. 20. Fig. 22 is a plan view of a transmission line according to a second modification 
example. Fig. 23 is an exploded perspective view of a noise filter according to a third 
modification example, which is exploded. Fig. 24 is a cross- sectional vies of a noise filter 
according to a fourth modification example, taken in the position similar to that in the case 

25 of Fig. 3. 

Best Mode for Carrying Out the Invention 

Embodiments of the noise filter according to the present invention will be 
described with reference to Figs. 1 to 24 in detail. 

30 

Figs. 1 to 5 deal with the first embodiment. Reference numeral 1 designates a 
noise filter according to this embodiment. The noise filter 1 comprises magnetic sheets 2a 
to 2d which will be described later, a transmission line 3, ground conductors 4, signal 
electrodes 5, and a ground electrode 6. Moreover, the cut-off frequency fc of the noise 
35 filter 1 is set at a value e.g., within the range of 200 MHz to 2 GHz (200 MHz < fc < 2 
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GHz). 

A laminate 2 has a substantially rectangular column shape which constitutes the 
outline of the noise filter 1. The laminate 2 is formed by pressing of, e.g., four magnetic 
sheets 2a to 2d laid on each other and then firing these magnetic sheets 2a tq 2d. 
5 Moreover, the magnetic sheets 2a to 2d are formed in a quadrangular sheet shape, 

respectively, and are made of a ceramic material having a magnetic characteristic such as 
ferrite or the like. The relative permeability of the magnetic sheets 2b and 2c sandwiched 
by the two ground conductors 4 which will be described below is set at e.g., a value within 
the range of about 4 to 30 (4 < ur < 3 0). 
1 0 The material for the magnetic sheets 2a and 2d may be different from that for the 

magnetic sheets 2b and 2d. However, to reduce the manufacturing cost, it is preferred to 
use the same material for all the four magnetic sheets 2a to 2d. 

The transmission line 3 is disposed between the magnetic sheets 2b and 2c. The 
transmission line 3 is formed substantially in a belt-shape, using an electroconductive 
1 5 metallic material such as silver paste, palladium, or the like. The transmission line 3 is 

positioned in the center between the magnetic sheets 2b and 2c in the short-side direction 
thereof and is extended in a straight line shape in the longitudinal direction. Moreover, the 
transmission line 3 is positioned substantially in the center between the two ground 
conductors 3 which will be described below. Both the ends of the transmission line 3 
2 0 constitute electrode portions 3 A, which are connected to the signal electrodes 5, 
respectively. 

The characteristic impedance W of the transmission line 3 has a value expressed by 
the following numerical formula 2, in which A is the width of the transmission line 3, B is 
the distance between the two ground conductors 4, u is the magnetic permeability of the 
2 5 laminate 2 (magnetic sheets 2b and 2c), and s is the dielectric constant of the laminate 2. 
[Numerical Formula 2] 




S A 

Moreover, for example, the length L of the transmission line is set at a value which, 
together with the relative permeability ur of the magnetic sheets 2b and 2c, satisfies the 
3 0 following numerical formula 3. 
[Numerical Formula 3] 

> 3mm 



u r -l 
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In the case where the noise filter 1 is formed with a small chip part, the length L of 
the transmission line 3 is required to be up to 100 mm. On the other hand, the relative 
permeability jxr of the magnetic sheets 2b and 2c is set so as to satisfy 4 < jjt < 30. 
Therefore, the value of L/V (|ir-l) is preferably in the range of from 3 mm to 20 mm as 
5 shown by the following numerical formula 4. 
[Numerical Formula 4] 



The ground conductors 4 are provided on the front side of the magnetic sheet 2b 
and on the back side of the magnetic sheet 2c, respectively. Thus, the ground conductors 4 

1 0 sandwich the two magnetic sheets 2b and 2c, which are disposed in the middle position in 
the thickness direction of the noise filter 1 , from the upper and lower sides thereof, 
respectively. Moreover, the ground conductors 4 are formed into a substantially 
quadrangular flat-sheet shape with an electroconductive metallic material such as silver 
paste, palladium or the like, and cover substantially all the surfaces of the magnetic sheets 

15 2b and 2c, respectively. Moreover, electrode portions 4 A are provided in the middle 
portions of the ground conductors 4 in the longitudinal direction (the right-left side 
direction in Fig. 2) of the substantially quadrangular magnetic sheets 2b and 2c, 
respectively. The electrode portions 4A are extended in the width direction (the front-back 
side direction in Fig. 2) toward both the side-edges so as to have a tongue shape, 

2 0 respectively. The electrode portions 4A are connected to the below-described ground 

electrodes 6, respectively. The ground conductors 4 are covered with the magnetic sheets 
2a and 2d, respectively. 

The signal electrodes 5 are provided on both the ends in the longitudinal direction 
of the laminate 2 (magnetic sheets 2a to 2d). The signal electrodes 5 cover the end-faces 

2 5 of the laminate 2 and also cover the front-face, the back-face, and the side-faces so as to 

form cylinders, respectively. Regarding the signal electrodes 5, for example, an 
electroconductive metallic material is coated onto both the ends of the laminate 2, and 
thereafter, the electroconductive metallic material is baked so that the signal electrodes 5 
are fixed. The signal electrodes 5 are connected to the electrode portions 3 A of the 

3 0 transmission line 3, respectively. 

The ground electrodes 6 are provided on both the end-sides in the width direction 
of the laminate 2 and in the middle portions in the longitudinal direction of the laminate 2, 
respectively. Each ground electrode 6 has a substantially U-character shape and is 
extended on the side faces of the laminate 2 in the thickness direction, and a part of each 



3mm < 



L 



<20mm 




ground electrode 6 is extended onto the front and back faces of the laminate 2 so as to 
form a substantially U-character shape. For example, the ground electrode 6 is formed by 
coating an electroconductive metallic material onto the side-face sides of the laminate 2 
and baking it. The ground electrodes 6 are connected to the electrode portions 4A of the 
> ground conductors 4, respectively. 

The noise filter 1 of this embodiment is formed as described above. The operation 
will be described below. 

First, the noise filter 1 is disposed on a substrate having a wiring through which a 
signal is transmitted. The signal electrodes 5 are connected to the wiring on the way 
thereof, respectively, and the ground electrodes 6 are connected to ground terminals 
respectively. Thereby, a signal can be transmitted through the transmission line 3, and the 
ground conductors 4 have the ground potential. 

Referring to the magnetic material such as ferrite or the like constituting the 
magnetic sheets 2a to 2d, as the frequency of a signal which is transmitted through the 
transmission line 3 is increased, the heat loss of the signal tends to be increased 
Therefore, a low-pass filter can be formed by utilization of the heat loss. Accordingly a 
s.gnal having a frequency (100 MHz to 1 GHz) lower than the cut-off frequency fc which 
is set e.g., at about 200 MHz to 2 GHz can be transmitted through the transmission line 3 
A signal with a higher frequency than the above-mentioned frequency can be attenuated as 
noise to be suppressed. 

Moreover, the characteristic impedance W of the noise filter 1 can be set by 
appropnating setting the width A of the transmission line 3 and the thickness of the 
magnetic sheets 2b and 2c (distance B between the ground conductors 4). Moreover the 
dielectnc constant ur of the magnetic material is substantially constant irrespective of the 
frequency of a signal. Thus, the characteristic impedance W can be kept at a substantially 
constant value irrespective of the frequency of the signal. Accordingly, regarding circuits 
connected to the noise filter 1, the impedance matching can be attained substantially in the 
overall frequency range, the reflection loss of the noise filter 1 can be reduced and the 
noise, which may be caused by the resonance, can be suppressed from increasing 

Moreover, due to the configuration in which the transmission line 3 positioned 
between the magnetic sheets 2b and 2c can be covered with the two ground conductors 4 
over all the length of the line 3, the noise is prevented from reflecting on the way of the 
transmission line 3, and the noise can be suppressed from resonating. Moreover the 
signal, which is being transmitted through the transmission line 3, can be confined 
between the ground conductors 4. Thus, the attenuation of the signal in the pass-band can 
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be prevented, and incorporation of external noise into the transmission line 3 can be 
prevented. Thus, the signal can be securely transmitted. 

The cut-off frequency fc of the noise filter 1 can be appropriately set by adjustment 
of the composition (the relative permeability jir of the magnetic sheets 2b and 2c) of the 
5 magnetic material for the magnetic sheets 2a to 2d and the length L of the transmission 
line 3. 

The relations of the cut-off frequency fc to the relative permeability |ir of the 
magnetic sheets 2b and 2c and the length L of the transmission line 3 will be described 
with reference to Figs. 6 to 1 1 . 

1 0 First, the relative permeability jir of the magnetic sheets 2b and 2c is set at a 

constant value, e.g., at 10 (fir = 10), and the lengths L of the transmission lines 3 were set 
at 5 mm, 10 mm, and 50 mm, respectively. Then, the noise filter 1 was simulated. 

As a result, as shown in Fig. 6, four attenuation curves were obtained 
correspondingly to the lengths L of the four-type transmission lines 3. 

15 As seen in the results of Fig. 6, the longer the length L of the transmission line 3 

becomes, the more the cut-off frequency fc (the frequency at which the attenuation is -3 
dB) decreases, and also, for example, the slope (the ratio of the change of the attenuation 
to that of the frequency) of the attenuation curve increases at the attenuation of about - 10 
dB. 

2 0 Moreover, the lengths L of the transmission lines 3 set at a constant value, e.g., at 

50 mm (L = 50 mm), and the relative permeabilities pr of the magnetic sheets 2b and 2c 
were set at 3, 5, 10, 20, and 30, respectively. Thus, the noise filter 1 was simulated. As a 
result, as seen in Fig. 7, five attenuation curves were obtained. 

As seen in the results of Fig. 7, the larger the relative permeability jar becomes, the 

2 5 lower the cut-off frequency fc becomes, and however, the slope of the attenuation curve is 
reduced, e.g., at an attenuation of - 10 dB. 

The inventors of this invention have intensively investigated these characteristics. 
As a result, it has been found that when the constants C [mm] determined according to the 
following numerical formula 5 based on the lengths/L of the transmission lines 3 and the 

30 relative permeabilities in of the magnetic sheets 2b and 2c are equal, the shapes (slopes) of 
the attenuation curves are substantially the same, even if the lengths L and also the relative 
permeabilities |ir are different from each other, respectively. 
[Numerical Formula 5] 
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For example, the constant C was set at a constant value, e.g., at 20 mm (C = 20 
mm), the relative permeabilities ur of the magnetic sheets 2b and 2c were set at 3, 5, 10, 
20, and 30, and the lengths L of the transmission line 3 were set at 35 mm, 45 mm, 63 mm, 
89 mm, and 109 mm, respectively, and the simulation was carried out. Fig. 8 shows the 
5 obtained attenuation curves. 

Moreover, the constant C was set at a constant value, e.g., at 3 mm (C = 3 mm), the 
relative permeabilities ur of the magnetic sheets 2b and 2c were set at 3, 5, 10, 20, and 30, 
and the lengths L of the transmission line 3 were set at 5.19 mm, 6.72 mm, 9.48 mm, 13.4 
mm, and 1 6.4 mm, respectively, and the simulation was carried out. Fig. 9 shows the 
1 0 obtained attenuation curves. 

Thus, when the constants C are equal, the cut-off frequency fc is reduced with 
increasing of the relative permeability ur. However, even when the lengths L and also the 
relative permeabilities ur are different from each other, respectively, the shapes (slopes) of 
the attenuation curves are substantially the same. Furthermore, the slope of the 
1 5 attenuation becomes larger with increasing of the constant C. 

Moreover, investigation has been made on the relationship between the constants C 
and the slopes of the attenuation curves at an attenuation of about - 1 0 dB. Thus, the 
results shown in Fig. 10 were obtained. The slope of the attenuation curve of a bypass 
capacitor, which is generally used for noise countermeasures, is 20 dB/dec. Preferably, the 
bypass filter has a slope larger than 20 dB/dec. for use as a noise-countermeasures part! 
As seen in the results of Fig. 1 0, when the constant C is larger than 3 mm, the slope of the 
attenuation is at least 20 dB/dec. Thus, the filter is significantly effective as a part for 
noise-countermeasures. 

It is seen in the results of Figs. 8 and 9 that in the case of the equal relative 
permeabilities ur, the cut-off frequency fc (the frequency at which the attenuation is - 3 
dB) is enhanced with decreasing of the constant C. Thus, to reveal the highest cut-off 
frequency fc of the noise filter 1, the constant C was set at 3 mm(C = 3 mm), and the 
relation between the relative permeability ur and the cut-off frequency fc waL investigated. 
Fig. 1 1 shows the results. 
3 0 In recent years, wireless LAN has been spread as means for transmitting 

information between digital equipments. High frequency signals with frequencies of 
about 2.45 GHz and about 5 GHz are used for the wireless LAN. Thus, to protect low 
frequency signals (about several hundred MHz) in a digital equipment from the above- 
described high frequency signals, it is required to provide a noise filter having a cut-off 
frequency of up to 2 GHz. As a result of the investigation on the results of Fig. 1 1, it is 
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seen that the relative permeability jar may be set at about 4 for setting of the cut-off 
frequency fc at 2 GHz. 

The constant C is inversely proportional to V(jjx-I) as seen in the numerical 
formula 5. When the L of the transmission line 3 is constant, the constant C can be 
5 increased and the slope of the attenuation curve can be also increased by setting of the 
relative permeability |xr at a small value. Moreover, when the constant C is kept at a 
constant value, the length L of the transmission line 3 can be decreased, and the size of the 
noise filter 1 can be reduced by setting of the relative permeability jir at a small value. 

Accordingly, preferably, the relative permeability jar is set at the smallest possible 

1 0 value, e.g., at about 4. However, according to the results of Fig. 11, when the constant C 
is set at the minimum value, that is, 3 mm (C = 3 mm), the cut-off frequency fc can be set 
at about 200 MHz which is required for digital equipments and so forth, even if the 
relative permeability \xr is set at about 30. Therefore, it is preferred to set the relative 
permeability at a value within the range of from 4 to 30 (4< ^r <30). 

1 5 Moreover, the constant C is increased with increasing of the length L of the 

transmission line 3. Accordingly, preferably, the size L is set at the largest possible value. 
However, the overall size of the noise filter 1 is increased with increasing of the length L. 
Therefore, to produce the noise filter 1 having a practically suitable size, the length L is 
required to be up to 100 mm. Since the minimum value of the relative permeability |ir is 4, 

2 0 the maximum value of the constant C is about 20. Accordingly, it is preferable to set the 
constant C at a value within the range of from 3 mm to 20 mm (3 mm < C < 20 mm). 

As described above, according to this embodiment, the transmission line is 
disposed between the two magnetic sheets 2b and 2c, and moreover, these magnetic sheets 
2b and 2c are covered with the two ground conductors 4. Accordingly, noise can be 

2 5 suppressed by use of the heat loss of the magnetic material constituting the magnetic 

sheets 2b and 2c. Moreover, the characteristic impedance W of the transmission line 3 can 
be kept substantially at a constant value, irrespective of the frequency of a signal. Thus, 
the impedance matching with an external circuit can be easily attained. Therefore, the 
reflection loss of the noise filter 1 can be reduced, and the noise, which may be caused by 

3 0 resonance, can be prevented from increasing. 

The transmission line, which is positioned between the magnetic sheets 2b and 2c, 
can be covered over the whole length thereof with the two ground conductors 4. 
Therefore, the characteristic impedance of the transmission line 3 can be kept at a constant . 
value over the whole length thereof. No noise reflects on the way of the transmission line 
35 3, and moreover, a signal while it is being transmitted through the transmission line 3 can 



be confined between the ground conductors 4. Therefore, the attenuation of a signal in the 
pass-band can be prevented, and moreover, incorporation of external noise into the 
transmission line 3 can be prevented. Thus, a signal can be securely transmitted. 

, Furthermore, the magnetic sheets 2a and 2d are formed in a substantially 
quadrangular shape. The signal electrodes 5 are provided on both the end-sides in the 
longitudinal direction of the magnetic sheets 2a to 2d so as to be connected to both the 
ends of the transmission line 3. The ground electrodes 5 connected to the ground 
conductors 4 are provided in the middle positions in the longitudinal direction of the 
magnetic sheets 2a to 2d. Accordingly, the signal electrodes 5 positioned on both the end- 
sides in the longitudinal direction of the magnetic sheets 2a to 2d can be easily connected 
to a linearly-extended wiring on the way thereof. Moreover, the ground electrodes 6, 
provided in the middle positions in the longitudinal direction of the magnetic sheets 2a to 
2d, can be easily connected to ground terminals which are provided on the periphery of 
the wiring. Thus, the integration-property of the noise filter 1 can be enhanced. 

Furthermore, the relative permeability ^r of the magnetic sheets 2b and 2c is set to 
be within the range of 4 < jit < 30, and moreover, the length L of the transmission line is 
set so that the constant C is at least 3 mm (C>3 mm). Accordingly, the cut-off frequency 
fc can be easily set to be within the range of 200 MHz < fc < 2 GHz which is suitable for 
practical application. The slope of the attenuation curve of noise tends to increase in 
proportion to the length L of the transmission line 3 and also increase in reverse 
proportion to V(^ir-l). Therefore, the slope of an attenuation curve for noise can be set e.g., 
at 20 dB/dec. or higher by setting of the relative permeability jir of the magnetic sheets 2b 
and 2c to be within the range of 4< ^tr <30 and also by setting the constant C at 3 mm or 
larger. As a result, the difference between the attenuations of a signal and noise can be 
increased.-Thus, the signal can be passed without being attenuated, and the noise can be 
securely attenuated. 

Figs. 12 to 15 show a noise filter according to a second embodiment of the present 
invention. Characteristically, the noise filter of this embodiment has a configuration in 
which transmission lines and ground conductors are alternately laminated in such a 
manner that the uppermost and lowermost layers of the magnetic sheets contain ground 
conductors, respectively. 

A noise filter 1 1 comprises below-described magnetic sheets 12a to 12n, 
transmission lines 13 to 18, ground conductors 19, passing-through lines 20 to 24, signal 
electrodes 25, and ground electrodes 26. 

The laminate 12 has a substantially prism-shape which constitutes the outline of the 
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noise filter 1 1 . The laminate 12 is formed by overlaying, e.g., fourteen magnetic sheets 
12a to 12n, pressing them in the laminated state, and firing these magnetic sheets 12a to 
12n. Each of the magnetic sheets 12a to 12n is formed in a substantially quadrangular 
sheet shape, and for example, is formed with a ceramic material having a magnetic 
property such as ferrite or the like. 

The transmission lines 13 to 18 are disposed between a set of the magnetic sheets 
12b and 12c, between a set of the magnetic sheets 12d and 12e, between a set of the 
magnetic sheets 12f and 12g, between a set of the magnetic sheets 12h and 12i, between a 
set of the magnetic sheets 12j and 12k, and between a set of the magnetic sheets 121 and 
12m, respectively. Each of the transmission lines 13 to 18 is formed with an 
electroconductive metallic material in a substantially U-character shape or circular shape 
containing a turning-portion. These transmission lines 13 to 18 are connected in series 
with each other so as to form a frame-shaped coil having a substantially quadrangular or 
circular opening in the thickness direction of the laminate 12. 

Referring to the transmission line 13 between the magnetic sheets 12b and 12c positioned 
on the upper layer side, one end of the line 13 constitutes an electrode portion 13A which 
is extended on the one-end side in the longitudinal direction of the laminate 12 and is 
connected to a below-described signal electrode 25. A through-hole 13B passing through 
the magnetic sheets 12c and 12d is formed on the other end side of the transmission line 
13. 

Referring to the transmission line 14 between the magnetic sheets 12d and 12e, a 
connecting portion 14A which is connected to the transmission line 13 through the 
through-hole 13B is formed on one-end side of the line 14. A through-hole 14B passing 
through the magnetic sheets 12e and 12f is formed on the other end side of the line 14. 

Similarly, for the transmission line 15 between the magnetic sheets 12f and 12g, a 
connecting portion 15A is provided on one end side of the line 14, and a through-hole 15B 
is also provided on the other end side. Moreover, for the transmission line 1 6 between the 
magnetic sheets 12h and 12i, a connecting portion 16A is provided on one end side of the 
line 1 6, and a through-hole 1 6B is also provided on the other end side. Furthermore, for 
the transmission line 17 between the magnetic sheets 12j and 12k, a connecting portion 
17A is provided on one end side of the line 17, and a through-hole 17B is also provided on 
the other end side. 

Also, for the transmission line 18 between the magnetic sheets 121 and 12m 
positioned on the lower layer side, a connecting portion 18A which is connected to the 
transmission line 17 through the through-hole 17B is formed on one end side thereof. The 



other end side of the line 4 constitutes an electrode portion 1 8B which is extended to the 
other end side in the longitudinal direction of the laminate 12 and is connected to a signal 
electrode 25 which will be described below. 

The characteristic impedances of the transmission lines 13 to 18 are determined by 
the widths of the transmission lines 13 to 18, the distances between adjacent ground 
conductors 19, and the relative permeability and the dielectric constant of the laminate 12, 
similarly to the transmission line 3 of the first embodiment. Therefore, the characteristic 
impedance over the whole length of the transmission lines 13 to 18 can be set at a constant 
value by setting of the widths of the transmission lines 13 to 18 substantially at the same 
value and also by setting the thicknesses of the magnetic sheets 12b to 12m substantially 
at the same value. 

The ground conductors 19 are formed between the magnetic sheets 12a to 12n so as 
to sandwich the transmission lines 13 to 1 8 of the respective layers. The ground 
conductors 19 are disposed as the uppermost and lowermost layers of the magnetic sheets 
12b to 12m, respectively, and are overlaid alternately with the transmission lines 13 to 18 
between the magnetic sheets 12b to 12m. Moreover, the ground conductors 19 are formed 
with an electroconductive metallic material in a substantially quadrangular flat sheet, 
respectively, and cover substantially the whole surfaces of the magnetic sheets 12b to 12m. 
Moreover, electrode portions 19A are formed in the ground conductors 19 so as to 
protrude toward both the end-sides in the width direction, respectively, as in the case of 
the ground conductors 4 of the first embodiment. The electrode portions 19A are 
connected to ground electrodes 26 which will be described below. 

The passing-through lines 20 to 24 are conductors which connects the transmission 
lines 13 to 18 in series with each other. The passing-through lines 20 to 24 are formed by 
filling an electroconductive metallic material such as silver paste, palladium, or the like 
into the through-holes 13B to 17B, respectively. 

The signal electrodes 25 are provided on both the end-sides in the longitudinal 
direction of the laminate 12 (magnetic sheets 12a to 12n). The signal electrodes 25 cover 
the end-faces of the laminate 12, and also cover the front- and back- faces and the side- 
faces thereof so as to have a cylindrical shape, respectively, similarly to the signal 
electrodes 5 of the first embodiment. The signal electrodes 25 are formed by coating an 
electroconductive metallic material and firing it, and are connected to the electrode 
portions 13A and 18B of the transmission lines 13 and 18. 

The ground conductors 26 are formed in the middle positions in the longitudinal 
direction of the laminate 12, on both the end sides in the width direction of the laminate 12. 



\ 



- 17 - 

Each of the ground conductors 26 has a substantially U-character shape. The ground 
conductor 26 is extended in a belt-pattern on the-side-face of the laminate 12 in the 
thickness direction thereof, and a part of the ground conductor 26 is extended on the front- 
and back-faces of the laminate 12. The ground conductors 26 are formed, e.g., by coating 
5 an electroconductive metallic material onto the side-face sides of the laminate 12 and 
firing it, and are connected to the electrode portions 19A of the ground conductors 19, 
respectively. 

Thus, according to this embodiment constituted as described above, the same 
advantages as those of the first embodiment can be obtained. Especially, since the six- 

10 layer transmission lines 13 to 18 are connected in series with each other by means of the 
passing-through lines 20 to 24 formed so as to pass through the respective magnetic sheets 
12c to 121, the overall length of the transmission lines 13 to 18 can be increased. Thus, the 
heat loss with respect to noise transmitting through the transmission lines 13 to 18 can be 
increased, and the attenuation can be enhanced. 

1 5 Moreover, the characteristic impedances of the transmission lines 13 to 18 

contained in the respective layers of the laminate can be made substantially equal to each 
other by setting of the widths of the transmission lines 13 to 18 at substantially the same 
value, and also by setting the thicknesses of the magnetic sheets 12b to 12m substantially 
at the same value. Accordingly, the characteristic impedance can be prevented from 

2 0 changing on the way of the transmission lines 13 to 1 8. The impedance matching with an 
external circuit can be easily attained. 

Moreover, the transmission lines 13 to 18 are formed in a substantially U-character 
or circular shapes so that a coil is formed by all of the transmission lines 1 3 to 1 8. 
Accordingly, although the thickness of the noise filter 11 becomes large to some degree, 

2 5 the bottom area of the noise filter 1 1 can be set to be nearly equal to the opening area of 

the transmission lines 13 to 18 which form a coil. Therefore, the noise filter 1 1 can be 
arranged even in a narrow mounting- space. Thus, the mounting-flexibility of the noise 
filter 1 1 can be enhanced. 

According to the first embodiment, the transmission line is extended in a linear line 

3 0 pattern. A transmission line 3' having a zigzag pattern, which meanders, repeatedly 

turning around in the width direction of the laminate 2, may be formed as seen in the first 
modification example of Fig. 16. Further, a transmission line (not shown) having a zigzag 
pattern, which meanders, repeatedly turning around in the longitudinal direction of the 
laminate 2, may be formed. 
35 In the case where the transmission line 3' is formed in a zigzag pattern as described 
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above, the length can be increased compared to the case where the transmission line 3 is 
formed in a linear line pattern as in the first embodiment. Thus, the attenuation of noise 
can be enhanced. 

Moreover, according to the second embodiment, the transmission lines 13 to 18 are 
formed in a substantially U-character or circular shape, respectively. The transmission 
lines may be formed in a zigzag pattern or a spiral pattern similarly to the first 
modification example. 

Figs. 17 and 18 show a noise filter according to a third embodiment of the present 
invention. Characteristically, in the noise filter of this embodiment, first and second 
transmission lines are provided on the same layer between magnetic sheets. First 
transmission lines and second transmission lines, and magnetic sheets are alternately 
overlaid, so that the plural first transmission lines are connected in series with each other, 
and moreover, the plural second transmission lines are connected in series with each other, 
independently of the first transmission lines. 

A noise filter 3 1 comprises magnetic sheets 32a to 32j, first transmission lines 33 to 
36, second transmission lines 37 to 40, ground conductors 41, passing-through lines (not 
shown), first signal electrodes 42, second signal electrodes 43, and ground conductors 44, 
which will be described below. 

The laminate 32 has a substantially prism shape, which defines the outline of the 
noise filter 3 1 . The laminate 32 is formed by laminating, e.g., ten magnetic sheets 32a to 
32j. Each of the magnetic sheets 32a to 32j is formed with a ceramic material such as 
ferrite or the like having a magnetic property, into a substantially quadrangular shape. 

The first transmission lines 33 to 36 are formed between a set of the magnetic 
sheets 32b and 32c, between a set of the magnetic sheets 32d and 32e, between a set of the 
magnetic sheets 32f ad 32g, and between a set of the magnetic sheets 32h ad 32i, 
respectively. That is, total four layers are provided. The transmission lines 33 to 36 each 
are formed with an electroconductive metallic material in a spiral pattern, and are arranged 
in opposition to each other in the thickness direction of the laminate 32, respectively. 

In this case, one-end side of the transmission line 33 forms an electrode portion 
33A which is extended toward one-end side in the longitudinal direction (the right and left 
side direction in Fig. 18) of the laminate 32. The other-end side of the transmission line 
33 is positioned in the center of the spiral pattern, and is provided with a through-hole 33B 
passing-through the magnetic sheets 32c and 32d. 

One-end side of the transmission line 34 is positioned in the center of the spiral 
pattern and is provided with a connecting portion 34A to be connected to the transmission 
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line 33 through the through-hole 33B. The other-end side of the transmission line 34 is 
positioned oil the outer peripheral side of the spiral pattern and is provided with a through- 
hole 34B passing-through the magnetic sheets 32e and 32f. Similarly, one-end side of the 
transmission line 35 is positioned on the outer peripheral side of the spiral pattern and is 
5 provided with a connecting portion 35 A. The other-end side of the transmission line 35 is 
positioned in the center of the spiral pattern and is provided with a through-hole 35B. 

Moreover, one-end side of the transmission line 36 is positioned in the center of the 
spiral pattern, and is provided with a connecting portion 36A to be connected to the 
transmission line 35 through the through-hole 35B. The other-end side of the transmission 

1 0 line 36 is positioned on the outer peripheral side of the spiral pattern, and constitutes an 
electrode portion 36B which is extended toward the other end side in the longitudinal 
direction of the laminate 32. A passing-through line (not shown) is formed with an 
electroconductive metallic material in the through-holes 33B, 34B, and 35B as in the case 
of the second embodiment. Thereby, the transmission lines 33 to 36 are connected in 

1 5 series with each other by means of the passing-through line. 

Moreover, the widths of the transmission lines 33 to 36 are set substantially at the 
same value, and also, the thicknesses of the magnetic sheets 32b to 32i are set 
substantially at the same value. Thus, the characteristic impedance of the transmission 
lines 33 to 36 is set to be constant over the whole length thereof. 

2 0 The second transmission lines 37 to 40 are formed between a set of the magnetic 

sheets 32b and 32c, between a set of the magnetic sheets 32d and 32e, between a set of the 
magnetic sheets 32f ad 32g, and between a set of the magnetic sheets 32h ad 32i, 
respectively. That is, total four layers are provided. The second transmission lines 37 to 
40 are arranged in positions different from those of the first transmission lines 33 to 36, 

25 that is, the second transmission lines are arranged so as to be shifted from the first 

transmission lines 33 to 36 in the width direction (the front-rear direction in Fig. 18), and 
are electrically insulated from the first transmission lines 33 to 36. Moreover, the 
transmission lines 37 to 40 each are formed with an electroconductive metallic material in 
a spiral pattern, and are arranged in opposition to each other in the thickness direction of 

30 the laminate 32. 

The second transmission lines 37 to 40 are formed substantially in the same pattern 
as the first transmission lines 33 to 36, respectively. An electrode portion 37A is formed 
on one-end side of the transmission line 37. A through-hole 37B is provided on the other- 
end side of the transmission line 37. Similarly, connecting portions 38A and 39A are 

3 5 formed on one-end sides of the transmission line 38 and 39, respectively. Through-holes 
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38B and 39B are formed on the other-end sides of the transmission lines 38 and 39, 
respectively. Moreover, h connecting-portion 40 A is provided on one-side of the 
transmission line 40, and an electrode portion 40B is formed on the other-end side of the 
transmission line 40. 

5 Moreover, passing-through lines (not shown) are formed with an electroconductive 

metallic material in the through-holes 37B, 38B, and 39B, respectively. Thereby, the 
transmission lines 37 to 40 are connected in series with each other by means of the 
passing-through lines. 

Moreover, the widths of the transmission lines 37 to 40 are set substantially at the 

1 0 same value, and also, the thicknesses of the magnetic sheets 32b to 32i are set 

substantially at the same vale. Thereby, the characteristic impedances of the transmission 
lines 37 to 40 are set to be substantially constant over the whole length thereof. 

The ground conductors 41 are formed between the magnetic sheets 32a to 32j in 
such a manner as to sandwich the first transmission lines 33 to 36 and the second 

1 5 transmission lines 37 to 40, respectively, for each layer of the laminate. The ground 

conductors 4 1 are arranged as the uppermost and lowermost layers of the magnetic sheets 
32b to 32i. The first transmission lines 33 to 36 and the second transmission lines 37 to 40 
are alternately overlaid. 

Moreover, the ground conductors 41 are formed with an electroconductive metallic 

2 0 material in a substantially quadrangular flat sheet, respectively, and cover substantially the 
whole surfaces of the magnetic sheets 32b to 32L Moreover, the ground conductors 41 are 
provided with electrode portions 41 A protruding toward the both end-sides in the width- 
direction, respectively, similarly to the ground conductors 4 according to the first 
embodiment. The electrode portions 41 A are connected to the ground electrodes 44 which 

2 5 will be described below. 

First signal electrodes 42 are formed on both the end-sides in the longitudinal 
direction of the laminate 32 (the magnetic sheets 32a to 32j), respectively. The signal 
electrodes 42 are formed with an electroconductive metallic material, and are connected to 
a wiring for a signal. One of the signal electrodes 42 is connected to the electrode portion 

30 33A of the transmission line 33, and the other signal electrode 42 is connected to the 
electrode portion 36B of the transmission line 36. 

The second signal electrodes 43 are formed on both the end-sides in the 
longitudinal direction of the laminate 32 (the magnetic sheets 32a to 32j), respectively. 
The signal electrodes 43 are formed with an electroconductive metallic material, are 

35 positioned so as to be shifted from- the first signal electrodes 42 in the width direction of 
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the laminate 32, and are insulated from the first signal electrodes 42. One of the signal 
electrodes 43 is connected-to the electrode portion 37 A of the transmission line 37* and the 
other signal electrode 43 is connected to the electrode portion 40B of the transmission line 
40. 

5 For example, the one signal electrodes 42 and 43 function as signal-input 

electrodes, and the other signal electrodes 42 and 43 function as signal output electrodes. 
However, the one signal electrodes 42 and 43 may be used for signal-outputting, and the 
other signal electrodes 42 and 43 may be used for signal-inputting. 

The ground electrodes 44 are formed on both the end-sides in the width direction of 
10 the laminate 32. The ground electrodes 44 are formed with an electroconductive metallic 
material and connected to the electrode portions 41 A of the ground conductors 41 , 
respectively. 

According to this -embodiment configured as described above, substantially the 
same advantages of those of the first embodiment can be obtained. 
1 5 However, according to this embodiment, the first transmission lines 33 to 36 are 

connected in series with each other, and also, the second transmission lines 37 to 40 are 
connected in series with each other. Accordingly, the overall length of the first 
transmission lines 33 to 36 and that of the second transmission lines 37 to 40 can be 
increased, respectively. Thus, the attenuation of noise can be increased. 

2 0 Moreover, the first and second transmission lines 33 to 36 and 37 to 40 are formed 

independently of each other. A low-pass filter comprising the first transmission lines 33 to 
36 and a low-pass filter comprising the second transmission lines 37 to 40 can be provided 
in a single laminate 32. Therefore, regarding the noise filter 41, as a whole, a noise filter 
array containing two low-pass filters can be formed. Accordingly, the ground conductors 

25 41 , the ground electrodes 44, and so forth can be used in common in contrast to the case in 
which two low pass filters are formed independently of each other. Thus, the size of the 
noise filter 31 can be reduced. 

Figs. 19 and 21 show a noise filter according to a fourth embodiment of the present 
invention. Characteristically, in the noise filter of this embodiment, transmission lines and 

30 ground conductors are alternately overlaid between magnetic sheets in such a manner that 
the uppermost and lowermost layers of the magnetic sheets are made of the ground 
conductors. One-end sides of the transmission lines each contained in the plural layers are 
connected to signal input electrodes which are different from each other, and the other-end 
sides of the transmission lines each contained in the plural layers are connected to signal 

3 5 output electrodes which are different from each other. 
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A noise filter 5 1 comprises magnetic sheets 52a to 52j, first to fourth transmission 
lines 53 to 56, ground. conductors 57, first to fourth signal electrodes 58 to 61, and ground 
conductors 62, which will be described below. 

A laminate 52 has a substantially prism shape which constitutes the outline of the 
5 noise filter 5 1 . The laminate 32 is formed by, e.g., laminating ten magnetic sheets 52a to 
52j. The magnetic sheets 52a to 52j are formed into a sheet shape, respectively, and are 
made of a ceramic material having a magnetic property such as ferrite or the like. 

A first transmission line 53 is provided between the magnetic sheets 52b and 52c. 
The transmission line 53 is formed with an electromagnetic metallic material in a thin belt 
0 partem, and has such a zigzag pattern as to meander turning around several times in the 
width direction of the laminate 52 (the front-rear direction in Fig. 20). On both the end 
sides of the transmission line 53, electrode portions 53A are formed so as to be extended 
m the longitudinal direction (the left-right side of Fig. 20) of the laminate 52 toward both 
the end-sides. These electrode portions 53 A are arranged e.g., on one-end sides in the 
5 width direction of the laminate 52. 

A second transmission line 54 is provided between the magnetic sheets 52d and 
52e. The transmission line 54 is formed with an electromagnetic metallic material in a 
meandering- zigzag pattern similarly to the first transmission line 53. On both the end 
sides of the transmission line 54, electrode portions 54A are formed so as to be extended 
> in the longitudinal direction toward both the end-sides of the laminate 52. These electrode 
portions 54A are arranged in positions different from those of the first electrode portions 
53A, for example, are arranged in the centers in the width direction of the laminate 52. 

A third transmission line 55 is provided between the magnetic sheets 52f and 52g. 
The transmission line 55 is formed with an electromagnetic metallic material in a 
meandering- zigzag pattern similarly to the first transmission line 53. On both the end 
sides of the transmission line 55, electrode portions 55A are formed so as to be extended 
m the longitudinal direction toward both the end-sides of the laminate 52. These electrode 
portions 55A are arranged in positions different from those of the first electrode portions 
53 A and the second electrode portions 54A, for example, are arranged in the middle 
positions between the second electrode portions 54A and the other-ends in the width 
direction of the laminate 52, respectively. 

A fourth transmission line 56 is provided between the magnetic sheets 52h and 52i. 
The transmission line 56 is formed with an electromagnetic metallic material in a 
meandering- zigzag pattern similarly to the first transmission line 53. On both the end 
sides of the transmission line 56, electrode portions 56A are formed so as to be extended 
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in the longitudinal direction toward both the end-sides of the laminate 52. These electrode 

portions. 56 A are. arranged in positions different from those of the first to third electrode 

portions 53 A to 5 5 A, for example, are arranged in the other-ends in the width direction of 
the laminate 52, respectively. 
5 The ground conductors 57 are formed between the magnetic sheets 52a to 52j in 

such a manner as to sandwich the first to fourth transmission lines 53 to 56, respectively. 
The ground conductors 57 are arranged on the uppermost and lowermost layers of the 
magnetic sheets 52b to 52i and also are laminated alternately with the transmission lines 
53 to 56 between the magnetic sheets 52b to 52i. The ground conductors 57 are formed 

1 0 with an electroconductive metallic material into a substantially quadrangular flat sheet 

shape, respectively, and cover substantially the whole surfaces of the magnetic sheets 52b 
to 52i. Moreover, the ground conductors 57 are provided with electrode portions 57A 
which are protruded toward the both end^sides. similarly to the ground conductors 4. The 
electrode portions 57A are connected to ground electrodes 62 which will be described 

15 below. 

The first to fourth signal electrodes 58 to 61 are formed with an electroconductive 
metallic material. The first to fourth signal electrodes 58 to 61 are provided on the side 
faces of the laminate 52 which are on the both the end-sides in the longitudinal direction 
of the laminate 52. In this case, the signal electrodes 58 to 61 are provided so as to be 
2 0 paired, respectively. The first to fourth signal electrodes 58 to 61 are arranged in different 
positions in the width direction of the laminate 52, for example, are arranged sequentially 
from one-end side to the other end side in the width direction of the laminate 52, and are 
insulated from each other. 

The first signal electrodes 58 are connected to the electrode portions 53A of the 

2 5 first transmission lines 53. The second signal electrodes 59 are connected to the electrode 

portions 54 A of the second transmission lines 54. The third signal electrodes 60 are 
connected to the electrode portions 55 A of the third transmission lines 55. The fourth 
signal electrodes 61 are connected to the electrode portions 56A of the fourth transmission 
lines 56. 

3 0 Of the first to fourth signal electrodes 58 to 61 provided so as to be paired, 

respectively, the signal electrodes 58 to 61 positioned on one side constitute signal input 
electrodes, and the signal electrodes 58 to 61 positioned on the other side constitute signal 
output electrodes. 

The ground electrodes 62 are provided on both the end-sides in the width direction 
35 of the laminate 52. The ground electrodes 62 are formed with an electroconductive 
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metallic material and connected to the electrode portions 57A of the ground conductors 57 

fnerefore, according to this, embodiment configured as described above 
substantially the same advantages as those of the first embodiment can be obtained On 
the other hand, in this embodiment, the transmission lines 53 to 56 contained in the plural 

oTtT C t 0rmeCted t0 ^ Signal dectrodes 58 *> « which are different from each other, 
so that the transmission lines 53 to 56 contained in the plural layers can be operated as low 
pass filters, individually. Thus, as a whole, a noise filter array can be formed 

In the case where the plural transmission lines 33 to 36 and 37 to 40 are formed in 
the same layers, respectively, and the plural layer transmission lines 33 to 36 and 37 to 40 
' are connected as in the third embodiment, the area of the magnetic sheets 32a to 32j is 
required to be increased with the number of low-pass filters. Therefore, if a lot of low- 
pass filters are provided in the noise filter 31, the noise filter 31 tends to have a large size 

line, « ? u^' aCC ° rding t0 embodime *> the plural layer transmission - - ' 
lmes 53 to 56 form the low-pass filters which are independent from each other for the 
respective layers. Accordingly, if the number of the low-pass filters is increased, it is 
sufficient to increase the number of the magnetic sheets 52a to 52j. Therefore, even in the 
case where a lot of low-pass filters are provided in the noise filter 51, the noise filter can 
be reduced in size. 

Moreover, in the case in which the plural layer transmission lines 33 to 36 and 37 
to 40 are connected through the through-holes 33B to 35B and 37B to 39B (passine- 
through lines) as in the third embodiment, mismatching tends to occur in the vicinities of 
the through-holes 33B to 35B and 37B to 39B which have discontinuous points 
Moreover it is required to drill the through-holes 33B to 35B and 37B to 39B and fill an 
electroconductive paste for the passing-through lines, and so forth. Thus, the number of 
production processes- is-increased, and the manufacturing cost tends to increase 

On the other hand, according to this embodiment, the plural layer transmission 
lines :>3 to 56 are operated as low-pass filters independent from each other for the 

Une^Z T " imP6danCe mismatChil * - the way of the transmission 

fines to 56. Therefore, no reflection of noise occurs on the way of transmission lines 
>, to 56, resonance of noise can be suppressed, and the impedance matching to an external 
circuit can be easily attained. Moreover, according to this embodiment, drilling for the 
tough-holes and so forth is not required. Thus, the production process can be simplified 
and the manufacturing cost can be reduced. 

Moreover, in the case in which the plural transmission lines 33 to 36 and 37 to 40 
are formed m the same layers, respectively, as in the third embodiment, crosstalk tends to 
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occur between the adjacent transmission lines 33 to 36 and 37 to 40. Thus, a signal tends 

tQ.he easily. deteriorated. 

On the other hand, according to this embodiment, the ground conductors 57 are 
provided between the transmission lines 53 <to 56. Thus, crosstalk can be prevented 
5 between the adjacent transmission lines 53 to 56, due to the ground conductors 57, and a 
signal can be securely propagated. 
Moreover, in the case in which the plural layer transmission lines 33 to 36 and 37 to 40 
are connected through the through-holes 33B to 35B and 37B to 39B (passing-through 
lines) as in the third embodiment, the ground conductors 41 are also required to be 
1 0 provided with holes each having a diameter of about 100 Jim as the through-holes 33B to 
35B and 37B to 39B in order to avoid contacting the passing-through lines. In this case, 
the transmission lines can not be arranged in the peripheries of the holes. Thus, the area of 
. one magnetic sheet where , the transmission lines can be formed is decreased, the 
transmission lines are reduced, and the noise attenuation tends to be reduced. 
15 On the other hand, according to this embodiment, no through-holes are provided 

for the magnetic sheets 52a to 52j. Accordingly, the transmission lines 53 to 56 can be 
arranged on the whole areas of the magnetic sheets 52a to 52j. Therefore, the lengths of 
the transmission lines can be increased, and the noise attenuation can be enhanced. 

Moreover, in the case where the plural layer transmission lines 33 to 36 and 37 to 
20 40 are connected in the thickness direction of the laminate 32 as in the third embodiment, 
to avoid contact of transmission lines 33 to 36 and 37 to 40, for example, the input signal 
electrode 42 and the output signal electrode 42 are required to be opposed to each other, 
and also, the input signal electrode 43 and the output signal electrode 43 are required to be 
opposed to each other. 

25 On the other hand, according to this embodiment, the plural layer transmission 

lines 53 to 56 are independent of each other for the respective layers. Thus, the input 
signal electrodes 58 to 61 and the output signal electrodes 58 to 61 are not required to be 
opposed to each other, respectively. For this reason, e.g., the input signal electrodes 58 to 
61 are arranged sequentially from one side to the other side in the width direction of the 

30 laminate 52. However, the input signal electrodes 58 to 61 may be also arranged 

sequentially from the other side to the one side in the width direction of the laminate 52. 
Thereby, the input signal electrodes 58 to 61 and the output signal electrodes 58 to 61 can 
be arranged independently of each other, and thus, the design flexibility can be enhanced. 
Moreover, according to this embodiment, the plural layer transmission lines 53 to 

35 56 form low-pass filters which are independent of each other for the respective layers. 
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Therefore, the characteristic impedances of the respective low-pass filters can be made 
different from each other by setting the thicknesses of the magnetic sheets 52b to 52i at 
different values. Accordingly, the noise filter 51 of this embodiment can be easily applied 
to wirings having plural different impedances. 
5 According to the fourth embodiment, the transmission lines 53 to 56 are formed in 

a zigzag pattern, respectively. The present invention is not restricted to this pattern. For 
example, a transmission line 71 having a spiral pattern of which both end-sides constitute 
electrode portions 71 A ma be formed as shown in a second modification example of Fig. 

1 0 Moreover, when the lengths of the transmission lines are small as in the case where 

the cut-off frequency is high, straight-line shaped transmission lines 53' to 56' may be 
formed as in the third modification example of Fig. 23. 

Furthermore, the thickness Tl of a ground conductor 4" may be formed to be 
smaller than the thickness T2 of a transmission line 3" as shown in a fourth modification 

1 5 example of Fig. 24. Thereby, the overall thickness of the noise filter 1 can be reduced. 
Thus, the size can be decreased. Moreover, the thickness T2 of the transmission line 3" 
can be made larger than the thickness Tl of the ground conductor 4". Accordingly, the 
DC current resistance of the transmission line 3" can be reduced, so that a large current 
can be caused to flow. 

2 0 Furthermore, according to the above-described respective embodiments, the 

magnetic sheets 2a to 2d, 12a to 12n, 32a to 32j, and 52a to 52j are formed with a ceramic 
material such as ferrite or the like, and fired. However, the present invention is not 
restricted to this. The magnetic sheets may be formed by mixing magnetic powder such as 
carbonyl iron or the like with a resin material and forming it. Thereby, the magnetic 

2 5 sheets can be bonded with an adhesive to form a noise filter. Thus, production process 
such as firing or the like can be omitted. The production efficiency can be enhanced. In 
this case, the cut-off frequency of the noise filter can be set by use of the composition of 
magnetic powder contained therein, the ratio of a resin material to the magnetic powder, 
and the length of a transmission line. 
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Industrial Applicability 

As descried above, according to the noise filter of the present invention, the 
resonance of noise can be prevented. The filter has a small size and is inexpensive, and 
is useful especially in an electronic device having a signal frequency of higher than 100 
35 MHz. 
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CLAIMS 

1. A noise filter wherein the filter contains two magnetic sheets overlapping each 
other, a transmission ,line is disposed between the two magnetic sheets, and the two 
magnetic sheets are sandwiched by and between two sheets of ground conductors from the 
upper and lower sides. 

2. A noise filter wherein the filter contains plural magnetic sheets overlapping 
each other, transmission lines and ground conductors are alternately overlapped and 
interposed between the respective magnetic sheets, with the uppermost layer and the 
lowermost layer of the magnetic sheets having ground conductors arranged thereon, and 
the plural layer transmission lines are connected in series with each other by means of 
passing-through lines passing through the respective magnetic sheets. 

3. A noise filter according to claim 2, wherein the transmission lines each have a 
substantially arc or U-character shape having a ftiming-around point, and are formed so 
that the transmission lines, as a whole, have a coil shape in the thickness direction. 

4. A noise filter according to claim 1 or 2, wherein the transmission lines have a 
meandering-zigzag shape. 

5. A noise filter according to claim 1 or 2, wherein the magnetic sheets are formed 
with a ceramic material having a magnetic property. 

6. A noise filter according to claim 1 or 2, wherein the magnetic sheets are formed 
with a resin material containing magnetic powder. 

7. A noise filter according to claim 3, wherein the magnetic sheets are formed in a 
quadrangular shape, signal electrodes are formed on both the end-sides in the longitudinal 
direction of the magnetic sheets so as to be connected to both the ends of the transmission 
lines, and ground electrodes are formed in the middle positions in the longitudinal 
direction of magnetic sheets so as to be connected to the ground conductors. 

8. A noise filter wherein the filter contains plural magnetic sheets overlapping 
each other, transmission lines and ground conductors are alternately overlapped and 
interposed between the respective magnetic sheets, with the uppermost layer and the 
lowermost layer of the magnetic sheets having ground conductors arranged thereon, and 
one-end sides of the plural layer transmission lines are connected to signal input electrodes 
different from each other, and the other-end sides of the plural layer transmission lines are 
connected to signal output electrodes different from each other. 

9. A noise filter according to claim 8, wherein the transmission lines are formed in 
a meandering-zigzag shape, respectively. 
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10. A noise filter according to claim 8, wherein the transmission lines are formed 
in a spiral pattern, respectively. 

1 1 . A noise filter according to claim 1 , 2, or 8, wherein the cut-off frequency is in 
the range of from 200 MHz to 2 GHz, the relative permeability w of each magnetic sheet 
is within the range of 4 < fir < 30, and the length L [mm] of each transmission line is set so 
as to satisfy L/V(fir-1) > 3 mm. 7. 

12. A noise filter according to claim 1, 2, or 8, wherein the thickness of each 
ground conductor is smaller than that of each transmission line. 
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